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(54) Optical rnuitilayered-film filter 

(57) Described herein is an optical multilayared-film 
filter which provides less interference and a good optical 
characteristic and is high in productivity. The optical mul- 
tilayered-film filter wherein dielectric thin films are 
stacked on each other in a multilayer form in a single 
direction, comprises a refractive -index inclined laminat- 
ed portion in which refractive indices of dielectric thin- 
film layers are successively inclined and changed in a 
laminating direction, and an alternately-laminated por- 
tion in which a dielectric thin-film layer having a high re- 
fractive index and a dielectric thin -film layer having a low 
refractive index are alternately laminated on each other. 
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Description 

[0001] The present invention relates to an optical 
branching filler for causing light of desired wavelengths 
to branch off, which is suitable for a wavelength-division s 
multiplexing optical communication, for example, and 
particularly to an optical multilayered-film filter wherein 
dielectric thin films different in refractive index from one 
another are slacked on one another in a multilayer form. 
[0002] The development of wavelength division mul- 
tiplexing (WDX) has recently been pursued as a new 
technique corresponding to a leap increase in the ca- 
pacity of an optical communication. However, there has 
been a demand for a further increase in the number of 
wavelength multiplexor multiples. Since light of desired 
wavelengths are selectively used in such an optical 
communication, an optical branching filter formed of a 
dielectric multilayered film in which two to three types of 
different dielectric thin films are alternately laminated on 
each other, is utilized. 

[0003] Such an optical multilayered-film filter will be 
described below. 

[0004] Fig. 6 is an explanatory view showing a struc- 
ture of a conventional optical multilayered film. 
[0005] When no absorption occurs in the film, a reflec- 
tion power or reflectivity (R) and an amplitude reflection 
power rp+1 t Oof light incident from a multilayered film 
corresponding to a p+1 layer on a substrate having a 
refractive index (nO) have the following relation. 

R p+i,o = l r P+i,o| 2 ( 1 > 

With the amplitude reflection power o1 rp+1,0, the fol- 
lowing equation is satisfied. 

_ P P+1( P+r po exp(-i5 p ) 

1 +Pp+1 p r PO exp(-i5 p > w 

In the equation, dp and rp+1,p respectively indicate a 
phase and an amplitude reflection power between the 
p+1 layer and p layer. The following relation is given: 

5 p = ^n p d p cos<t> p (3) 

1 indicates the wavelength of incident light, and np and 
dp indicate a refractive index of a p layer thin film and 
the optical thickness thereof respectively, fp indicates a 
refractive angle of light in the p layer. According to the 
Fresnel law, the following is given: 

Pp+i.p-u77iJ^ w 



2 

where the following equations are established upon s 
polarization and p polarization: 

u^n-cosOj (i = 0, 1,2....) (5) 



Uj = n/cos^, (i = 0, 1, 2....) (6) 

A graphical method and an analytical synthetic method 
have heretofore been used to optimize a laminated 
structure of the optical multilayered film with respect to 
an arbitrary optical characteristic. It has been recently 
common practice to perform automatic calculations us- 
ing a personal computer. 

[0006] A further description will next be made of such 
a conventional optical multilayered-film filter with refer- 
ence to Figs. 7A, 7B and Fig. 3. Fig. 7A is a diagram 
showing the relationship between the number of layers 
and a refractive index for an optical multilayered-film fil- 
ter in which dielectric thin films having high and low re- 
fractive indices are alternately stacked on each other. 
Fig. 7B is a diagram showing the result of calculation of 
a transmission characteristic for the optical multilayered 
film filter shown in Fig. 7A. Fig. 3 is a diagram illustrating 
a material ol a film and an index ol refraction thereol. 
[0007] Such a convenlional optical multilayered-film 
filter shown in Fig. 7A is formed by alternately laminating 
a high -re tractive index dielectric thin film H and a low- 
refractive index dielectric thin film L on one another. 
Here, H and L denote Ti0 2 and Si0 2 films having optical 
charactaristics shown in Fig. 3, respectively. Upon cal- 
culation of a transmission spectrum, an incident angle 
of light was defined as 0 (vertical incidence) and a center 
wavelength thereof was defined as 730nm. While the 
conventional optical multilayered-film filter has a reflec- 
tion power of approximately 100% in a reflection band 
having the center wavelength (730nm), it has a problem 
in that many interference peaks exist in a transmission 
band. It was therefore difficult to obtain a high-accuracy 
optical filter. 

[0008] On the other hand, a rugate filter having a 
structure in which a refractive index relative to the direc- 
tion of the thickness of each dielectric thin film is contin- 
uously and periodically varied according to a since func- 
tion or the like, has been known as one for improving 
the optical characteristic of the aforementioned conven- 
tional optical multilayered-film filter. 
[0009] The rugate filter illustrated as the second con- 
ventional example will be explained with reference to 
Figs. 8A and 8B. Fig. 8A is a diagram showing the 
number of layers and a relractive index for the rugate 
filter, and Fig. 8B is a diagram showing the result of cal- 
culation of a transmission spectrum of the rugate filter 
shown in Fig. BA, respectively. In order to make a com- 
parison with the configuration of Ihe optical multilay- 
ered-film filter in which the aforementioned high and low 
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relractive-index thin films are alternately stacked on 
each other, the relationship between the refractive index 
and the number of films laminated was illustrated in Fig. 
BA with the thickness corresponding to one cycle of the 
sine wave being regarded as two layers of alternate mul- s 
tilayered films. The dependency of the refractive index 
(n) of the rugate filter on the optical thickness (x) thereof 
can be given by the following equation: 

n(X) = n 0 +n lS in(27iX/P) (7) 

where nO and n1 indicate an average refractive index 
and the amplitude of a change in refractive index re- 
spectively, and P indicates the thickness in one sine cy- 
cle. As shown in Fig. 8A, the rugate filter has a structure 
in which the refractive index continuously and periodi- 
cally varies in its thickness direction according to the 
since function. 

[0010] As is apparent from Fig. 8B, the rugate filter 
restrains the interference in a transmission region and 
decreases even a harmonic reflection peak of a low 
wavelength range as compared with the optical multi- 
layered-film filter in which the high-relractiva index lay- 
ers are alternately stacked on each other, but cannot 
eliminate a reflection peak lying in the vicinity of a re- 
flection band. 

[0011] Therefore, the rugate filter needs other func- 
tions for adjusting or controlling its optical characteristic 
upon filter design to solve the interference peak in the 
vicinity of the reflection band. For instance, the quintic 
function and the Fourier function or the like are added 
to the structure of the rugate filter to thereby allow an 
improvement in the optical characteristic of a broadband 
reflection filter. Since, however, the configuration of the 
filter becomes extremely complex, the fabrication there- 
of is made more difficult 

[0012] As described above, the conventional optical 
multilayered-film filter in which the high-refractive index 
film and the low- refractive index film are alternately lam- 
inated on each other, has a problem in that it is difficult 
to satisfy required performance such as a narrow band 
width, stability with respect to a change in temperature, 
etc. 

[0013] Further, the rugate filter has a problem in that 
the configuration thereof is complex, the control for con- 
tinuously varying the refractive index in accordance with 
the designed values and forming the film with high ac- 
curacy is difficult, its productivity is low, and it is difficult 
to provide the rugate filter with stable quality and at low 
cost. 

[0014] An object of the present invention is to solve 
the problems of the conventional examples and provide 
an optical multilayered-film filter which is reduced in in- 
terference and excellent in optical characteristic. 
[0015] Another object of the present invention is to 
provide an optical multilayered-film filter high in produc- 



tivity. 

[0016] As means for solving the above-described 
problems, there is provided an optical multilayered-film 
filter according to the present invention, wherein dielec- 
tric thin films are multilayered in a single direction, com- 
prising a refractive-index inclined laminated portion in 
which refractive indices of dielectric thin-film layers are 
successively inclined and changed in a laminating di- 
rection, and an alternately-laminated portion in which a 
dielectric thin-film layer having a high refractive index 
and a dielectric thin-film layer having a low refractive in- 
dex are alternately laminated on each other. 
[0017] As means for solving the above-described 
problems, there is provided an optical multilayered-film 
filter according to the present invention, wherein the in- 
dex inclined laminated portion is formed in plural form 
so as to be interposed in the laminating direction of the 
alternately-laminated portion. 

[0018] As means for solving the above-described 
problems, there is provided an optical multilayered-film 
filter according to the present invention, wherein dielec- 
tric thin films are multilayered in a single direction, com- 
prising a refractive-index inclined laminated portion in 
which refractive indices of dielectric thin-film layers are 
successively inclined and changed in a laminating di- 
rection, an alternately-laminated portion In which a die- 
lectric thin -film layer having a high refractive index and 
a dielectric thin-film layer having a low refractive index 
are alternately laminated on each other, and a refrac- 
tive-index difference control portion provided between 
the laminated portions. 

[0019] As means for solving the above-described 
problems, there is provided an optical multilayered-film 
filter according to the present invention, wherein the re- 
fractive-index difference control portion is formed by a 
plurality of single refractive- index films different from 
one another 

[0020] As means for solving the above-described 
problems, there is provided an optical multilayered-film 
filter according to the present invention, wherein dielec- 
tric thin films are multilayered in a single direction, com- 
prising a first retractive-index inclined laminated portion 
in which dielectric thin films are stacked on one another 
in a multilayer form so that refractive indices successive- 
ly increase in a stepwise form, an alternately- laminated 
portion in which a dielectric thin -film layer having a high 
refractive index and a dielectric thin-film layer having a 
low refractive index are alternately laminated on each 
other, and a second refractive-index inclined laminated 
portion in which dielectric thin films are stacked on one 
another in a multilayer form so that refractive indices 
successively decrease in a stepwise form, and wherein 
the first refractive-index inclined laminated portion, the 
alternatefy-laminated portion and the second refractive- 
index inclined laminated portion are formed in that order. 
[0021] As means for serving the above-described 
problems, there is provided an optical multilayered-film 
filter according to the present invention, wherein a re- 
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tractive -index difference control portion composed of 
single refractive-index films formed with desired retrac- 
tive indices by causing Si0 2 to Ti0 2 to differ in compo- 
sition ratio is provided between the refractive-index in- 
clined laminated portion and the alternately-laminated 
portion. 

[0022] As means for solving the above -de scribed 
problems, there is provided an optical mult i layered-film 
filter according to the present invention, wherein the re- 
fractive-index inclined laminated portion is formed by 
single refractive-index films formed with desired refrac- 
tive indices by causing Si0 2 and 710 2 to differ in com- 
position ratio. 

[0023] When films thin enough for the wavelength of 
control light are stacked on each other, the control light 
does not recognize the films as a laminated film and re- 
sponds to the same as an equivalent single refractive- 
index film corresponding to a laminated structure. An 
optical branching filter can be obtained which has a 
characteristic continuously changed in a film-thickness 
direction by changing a laminated structure of two types 
of different refractive-index films through the use of ihis 
property. 

[0024] In order to obtain a film having an arbitrary re- 
fractive index by controlling a composition ratio of two 
types of different materials in a single film, a film-forming 
method having high film controllability, such as helicon 
sputtering or the like is used, whereby a single optical 
film having a desired refractive index can be stably 
formed. 

[0025] Paying attention to the above-described point 
o1 view, an optical multi layered-film filter according to 
the present invention is formed 10 take a structure pro- 
vided with a refractive-index inclined laminated portion 
in which refractive indices of dielectric thin films are in- 
clined and changed in a laminating direction, and a high 
and low refractive- index alternately-laminated portion. 
[0026] The optical multilayered-film filter according to 
the present Invention also takes a configuration of an 
optical multilayered film which combines a refractive-in- 
dex difference control portion lying between the above 
laminated portions with the above configuration. 
[0027] Further, the optical multilayered-film filter ac- 
cording to the present invention Is constructed in such 
a manner that the refractive-index difference control 
portion is formed of a plurality of different single refrac- 
tive-index films. 

[0028] Moreover, the optical multilayered-film filter 
according to the present invention is constructed in such 
a manner that the refractive-index inclined laminated 
portion or the refractive-index difference control portion 
is formed by single refract ive-index films formed with de- 
sired refractive indices by causing Si0 2 and Ti0 2 to dif- 
fer in composition ratio. 

[0029] According to the optical multilayered-film filter 
constructed in this manner, the higher degree of free- 
dom of the design of an optical characteristic can be en- 
sured while the reproducibility and controllability at the 



6 

film formation are being ensured. It is also possible to 
provide an optical multilayered-film filter which provides 
less interference and a good optical characteristic and 
is high in productivity. 

5 [0030] While the specification concludes with claims 
particularly pointing out and distinctly claiming the sub- 
ject matter which is regarded as the invention, it is be- 
lieved that the invention, the objects and features of the 
invention and further objects, features and advantages 

10 thereof will be better understood from the following de- 
scription taken in connection with the accompanying 
drawings in which: 

Figs. 1 A and IB are diagrams for describing the re- 
15 ialionship between a refractive index and optical 
thickness of an optical multilayered-film filter ac- 
cording to an embodiment of the present invention, 
and a cross-sectional structure of the optical multi- 
layered-film filter, respectively; 
20 Figs. 2A and 2B are explanatory diagrams illustrat- 
ing the relationship between the number of layers 
and a refractive index for a broadband reflecting fil- 
ter according to an embodiment of the present in- 
vention, and the result of calculation of a transmitted 
25 spectrum employed in the broadband reflecting fil- 
ter, respectively; 

Fig. 3 is a diagram showing a material ol a film and 
an index of refraction thereof; 
Fig. 4 is an explanatory diagram illustrating calcu- 
30 lated curves of transmission spectrums and exper- 
imental values which are obtained in the broadband 
reflection filter according to the embodiment of the 
present invention; 

Fig. 5 is an explanatory diagram showing the result 
35 of calculation of each transmitted spectrum, which 
is obtained in a narrow band transmission filter ac- 
cording to an embodiment of the present invention; 
Fig. 6 is an explanatory diagram depicting a struc- 
ture of a conventional optical multilayered film; 
40 Figs. 7A and 7B are explanatory diagrams showing 
the relationship between the number of layers and 
a refractive index for an alternate ry-iaminated mul- 
tilayered-film filter according to a conventional ex- 
ample, and the result of calculation of transmitted 
45 characteristics thereof, respectively; and 

Figs. 8A and 8B are explanatory diagrams illustrat- 
ing the relationship between the number of layers 
and an index of refraction for a rugate filter accord- 
ing to a conventional example, and the result of cal- 
50 culation of a transmitted spectrum thereof, respec- 
tively. 

[0031] Preferred embodiments of the present inven- 
tion will hereinafter be described with reference to the 
55 accompanying drawings. Fig. 1 A is a diagram showing 
the relationship between a retractive index and optical 
thickness of an optical multilayered-film filter according 
to one embodiment of the present invention, and Fig. 
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1B is an explanatory view showing the concept of its 
cross-sectional structure, respectively. 
[0032] The optical multilayered-film filter according to 
the present invention is an optical multilayered-film filler 
in which dielectric thin films are laminated on one an- 
other in multilayered form in a single direction. The op- 
tical multiiayered-film filter is constructed so as to have 
a refractive-index inclined laminated portion C in which 
refractive indices of dielectric Ihin-film layers are suc- 
cessively inclined and changed in a film-laminating di- 
rection, and an alternately- laminated portion A in which 
a dielectric thin-film layer having a high refractive index 
and a dielectric thin-film layer having a low refractive in- 
dex are alternately laminated on each other. 
[0033] Further, the optical multilayered-film filter has 
a portion B for adjusting or controlling the difference in 
refractive index between the portion A and the portion 
C and lakes a film structure formed in order of the re- 
fractive-index inclined laminated portion C, refractive- 
index difference control portion B, alternately-laminated 
portion A, refractive-index difference control portion B 
and refractive-index inclined laminated portion C with 
respect to the film laminating direction as viewed from 
a substrate. 

[0034] A broadband reflection filter illustrated as one 
embodiment of the present invention will next be ex- 
plained with reference to Figs. 2A and 2B and Figs. 3 
and 4, Fig. 2A is a diagram showing the relationship be- 
tween the number of layers and a refractive index relat- 
ed to the broadband reflection filter according to the em- 
bodiment of the present invention. A solid line in Fig. 2B 
shows the result of calculation of a transmitted spectrum 
in the broadband reflection filter shown in Fig. 2A. Fig. 
3 is a diagram showing the material of a film and an in- 
dex of refractive thereof. Fig. 4 is a diagram showing a 
calculated curve of a transmitted spectrum in the broad- 
band reflection filter according to the embodiment of the 
present invention and experimental values. 
[0035] The broadband reflection filter illustrated as 
one embodiment of the present invention comprises a 
broadband reflection filter composed of 31 layers, which 
is designed with Si0 2 and Ti0 2 as materials. Described 
more specifically, the respective dielectric thin-tilm lay- 
ers are layered and constructed as follows: 

LABCDECFBGAH(LH) 4 LGAFBEDCBAL where 
L, H, A, B, C, D, E, F and G respectively indicate SiOg- 
Ti0 2 composite films having an optica! film thickness (nd 
= A/4), which are shown in Fig. 9. LABCDE and EDCBAL 
indicate a laminated layer composed of Si0 2 -Ti0 2 com- 
posite films whose refractive indices are inclined sym- 
metrically (this corresponds to a refractive- index in- 
clined laminated portion C illustrated in the explanatory 
view of Fig. 1 ). 

[0036] Further, portions corresponding to CFBG A and 
LGAFB indicate a high-low refractive index alternately- 
laminated layer composed of SiC^-TiC^ composite films 
(this corresponds to a ret ractive-index difference control 
portion B illustrated in the explanatory view of Fig. 1). 



Thus, the index difference control portion is formed of a 
pturality of different single refractive- index films (prefer- 
ably four or more kinds of refractive-index films). 
[0037] Further, the index inclined laminated portion 
5 and index difference control portion are respectively 
formed of single refractive-index films formed with de- 
sired refractive indices by causing St0 2 and Ti0 2 to dif- 
fer in composition ratio respectively as shown in Fig. 3. 
[0038] Further, H(LH) 4 located in the center of the 
above laminated layer is a layer obtained by alternately 
laminating a dielectric thin-film layer having a high re- 
fractive index, which is formed of a single layer film of 
Ti0 2 and Si0 2 , and a dielectric thin-film layer having a 
low refractive index, which is formed of the single layer 
(This layer correspond to an alternately-laminated por- 
tion A illustrated in the explanatory view of Fig. 1). The 
design thickness of the layer is 3119 nm. 
[0039] The so-designed broadband reflection filter ac- 
cording to one embodiment of the present invention is 
fabricated and experimented by helicon sputtering. The 
helicon spultering is a method of providing induced dis- 
charging coil on a magnetron cathode to generate a heli- 
con wave, thereby performing sputtering using an excit- 
ed plasma. It is therefore possible to perform a low plas- 
ma damage and form a high-density multicomponent 
film with accuracy. Two helicon cathodes are used in a 
helicon sputtering device. A target composed of fused 
silica (99.99%) and sintered titanium oxide (99.5%) is 
attached to the helicon cathodes respectively. A power 
of rf (1 3.56MHz) is applied to the target and an induction 
coil and the power is set so as to range from 0W to 
200W. The basic pressure of a chamber at the film for- 
mation is set to less than or equal to 5 x lO-5Pa. The 
ratio between Argon and oxygen gas introduced into the 
calhode and a radical gun is set to Ar/02 = 2/1 , and the 
pressure for the film formation is set to 1.8 x 10-1 Pa 
The distance between a substrate and the target is de- 
fined as I80nm and the substrate is rotated at lOrpm. 
Optical glass (BK7, n=l .52) and an Si(l 00) single crys- 
tal substrate were used as the substrate. The thickness 
of a film and the refractive index thereof were measured 
by an eliipsometer (Gaertner L116-B, 633nm). The tex- 
ture of the film was observed by TEM (JEOL-200FX). 
The transmittance of a multilayered film was measured 
by a spectrophotometer (Shimadzu W-3101-200FX) 
over a wavelength range from 200nm to 2500nm. 
[0040] A cross-sectional structure of the optical mul- 
tilayered film created by these, according to the embod- 
iment of the present invention was observed. As a result, 
the sectional structure has coincided with that shown in 
Fig. 1 . Although not shown in the drawing, a TEM pho- 
tograph shows a tendency to decrease the brightness 
or lightness of a bright field image according to an in- 
crease in refractive index of each layer, i.e., an increase 
in Ti0 2 content in each layer. From XRD t SEM and TEM 
analyses of SiO^ Ti0 2 and a Si0 2 -Ti0 2 composite film, 
a micro-fabricated structure ot the Si0 2 -Ti0 2 composite 
film is an amorphous film containing a homogeneous 
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and isotropic amorphous film and a nanocrystal TiO a . 
This structure is regarded as a film structure ideal as an 
optical multilayered-film filter having no polarization de- 
pendency or the like and homogeneous on an optical 
basis. 

[0041] A transmitted spectrum of the multilayered film 
obtained Irom the result of evaluation of an optical char- 
acteristic has a center wavelength ot 730nm and a re- 
flectivity or reflection power of 99.8% and substantially 
coincided with the calculated curve. Further, FWHM (full 
width at half maximum) substantially coincided with the 
designed value. 

[0042] In Fig. 2B, the calculated transmitted spectrum 
o1 the broadband reflection filter according to the afore- 
mentioned embodiment of the present invention is indi- 
cated by the solid line. Further, the calculated transmis- 
sion spectrum of the multilayered-film filter composed 
ol the 31 -layer TiOg/SiC^ alternately-laminated layer il- 
lustrated in the conventional example is indicated by a 
broken line for comparison. 

[0043] It is understood from Fig. 2B that as compared 
with the optical multilayered-film filter according to the 
conventional example, the broadband reflection lilter 
according to the embodiment of the present invention 
has less interference in a transmission band and is ca- 
pable of obtaining an optical characteristic more excel- 
lent for the broadband reflection filter. 
[0044] It is also understood that as compared with the 
transmission spectrum of the rugate filler shown in Fig. 
2B as another conventional example, the interference 
in the transmission band is further restrained as viewed 
from the rugate filter. 

[0045] Thus, the broadband reflection filter according 
to the embodiment of the present invention is capable 
ol limiting interference and obtaining a high optical char- 
acteristic. Since the broadband reflection filter can take 
a simple film configuration as compared with the rugate 
filter, the reproducibility and controllability ot the formed 
film can be ensured. Thus, an optical multilayered-film 
filter high in productivity can be provided. 
[0046] A narrowband transmission filter illustrated as 
another embodiment of the present invention will next 
be described with reference to Fig. 5. Fig, 5 is a diagram 
showing the result of calculation of a transmission spec- 
trum of the narrowband transmission filter according to 
the embodiment of the present invention. 
[0047] The narrowband transmission filter illustrated 
as another embodiment of the present invention is also 
constructed so as to have a refractive- index inclined 
laminated portion in which refractive indices of dielectric 
thin-film layers are successively inclined and changed 
in a film-laminating direction, and an alternately-lami- 
nated portion in which a dielectric thin-film layer having 
a high refractive index and a dielectric thin-film layer 
having a low refractive index are alternately laminated 
on each other. Described more specifically, the respec- 
tive dielectric thin-film layers are layered and construct- 
ed as follows: 



LABCDECFBGAxH(LH) n LyH(LH) n xHLGAFBED- 
CBAL where curves T124, T663 and T282 in Fig. 5 re- 
spectively correspond to parameters of x = 1 , y = 2. n = 

4, x = 6, y = 6. n = 3, x = 2, y = 8 and n = 2. The respective 
s films are composed of the materials shown in Fig. 3 and 

have the refractive indices, respectively. 

[0048] it is understood that as is apparent from Fig. 

5, the narrowband transmission filter according to the 
embodiment of the present invention can obtain a trans- 
it mittance of approximately 1 00% at a center wavelength 

of 730nm and a reflectivity or reflection power of approx- 
imately 100% in a reflection region. Further, the adjust- 
ment of the aforementioned parameters of multilayered 
film makes it possible to control a wavelength range of 
'5 a transmission band width to 1 nm to 50nm, and a high 
optical characteristic can be obtained as for the narrow- 
band transmission filter. 

[0049] According to the present invention, as has 
been described above, each embodiment is layered so 
20 as to have a refractive-index inclined laminated portion 
in which refractive indices ol dielectric thin -film layers 
are successively inclined and changed in a film-laminat- 
ing direction, and an alternately-laminated portion in 
which a dielectric thin-film layer having a high refractive 
25 index and a dielectric thin -film layer having a low refrac- 
tive index are alternately laminated on each other. 
Therefore, an optical multilayered-film filter having less 
interference and excellent in optical characteristic can 
be provided. It is also possible to provide an optical mul- 
00 ti layered-film filter high in productivity. 

[0050] While the present invention has been de- 
scribed with reference to the illustrative embodiments, 
this description is not intended to be construed in a lim- 
iting sense. Various modifications of the illustrative em- 
05 bodiments, as well as other embodiments of the inven- 
tion, will be apparent to those skilled in the art on refer- 
ence to this description. It is therefore contemplated that 
the appended claims will cover any such modifications 
or embodiments as fall within the true scope of the in- 
40 vention. 



Claims 

45 1. An optical multilayered-film filter wherein dielectric 
thin films are stacked on each other in a multilayer 
form in a single direction, comprising: 

a refractive-index inclined laminated portion in 
50 which refractive indices of dielectric thin-film 

layers are successively inclined and changed 
in a laminating direction; and 
an alternately- laminated portion in which a di- 
electric thin-film layer having a high refractive 
55 index and a dielectric thin-film layer having a 

low refractive index are alternately laminated 
on each other. 
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2. The optical multilayered-film filter according to 
claim 1 , wherein said refractive-index inclined lam- 
inated portion is formed in plural form so as to be 
interposed in the laminating direction of said alter- 
nately-laminated portion. s 

3. An optical multi layered -film filter wherein dielectric 
thin films are multilayered in a single direction, com- 
prising: 

10 

a refractive-index inclined laminated portion in 
which refractive indices of dielectric thin-film 
layers are successively inclined and changed 
in a laminating direction; 

an alternately-laminated portion in which a di- '5 
electric thin-film layer having a high refractive 
index and a dielectric thin -film layer having a 
low refractive index are alternately laminated 
on each other; and 

a refractive- index difference control portion 20 
provided between said laminated portions. 

4. The optical multilayered-film filter according to 
claim 3, wherein said refractive -index difference 
control portion comprises a plurality of single ref rac- 25 
tive-index films different from one another. 



portion are formed in that order. 

The optical multilayered-film filter according to 
claim 6, wherein a refractive-index difference con- 
trol portion is formed between said relractive-index 
inclined laminated portion and said alternately-lam- 
inated portion. 

I. The optical multilayered-film filter according to 
claim 6, wherein a refractive -index difference con- 
trol portion composed of single refractive-index 
films formed with desired refractive indices by caus- 
ing SiO^ and TiO s to differ in composition ratio is 
provided between said refractive-index inclined 
laminated portion and said alternately- laminated 
portion. 

The optical multilayered-film filter according to any 
01 claims 1, 3 and 6, wherein said relractive-index 
inclined laminated portion is formed by single re- 
fractive-index films formed with desired refractive 
indices by causing Si0 2 and Ti0 2 to differ in com- 
position ratio. 



5. The optical multilayered-film filter according to 
claim 3, wherein a refractive-index difference con- 
trol portion composed of single refractive-index 30 
films formed with desired retractive Indices by caus- 
ing SiC^to Ti0 2 to differ in composition ratio is pro- 
vided between said refractive-index inclined lami- 
nated portion and said alternately-laminated por- 
tion. -35 



6. An optical multilayered-film filter wherein dielectric 
thin films are multilayered in a single direction, com- 
prising: 



40 



a first refractive-index inclined laminated por- 
tion in which dielectric thin films are stacked on 
one another in a multilayerformsothat refrac- 
tive indices successively increase in a stepwise 
form; 45 
an alternately-laminated portion in which a di- 
electric thin-film layer having a high refractive 
index and a dielectric thin-film layer having a 
low refractive index are alternately laminated 
on each other; and &o 
a second refractive-index inclined laminated 
portion in which dielectric thin films are stacked 
on one another in a multilayer form so that re- 
fractive indices successively decrease in a 
stepwise form, 55 
said first refractive-index inclined laminated 
portion, said alternately-laminated portion and 
said second refractive -index inclined laminated 
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FIG. 2B 
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FIG. 3 
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(mol:mol) 
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INDEX 


H 


Ti0 2 


2.435 


G 


0.87TiO 2 -0.13SiO 2 


2.333 


F 


0.76TiO 2 -0.24SiO 2 


2.170 


E 


0.65TiO 2 -0.35SiO2 


2.068 


D 


0.54TiO 2 -0.46SiO 2 


1.942 


C 


0.45TiO 2 -0.55SiO 2 


1.830 


B 


0.33TiO 2 -0.67SiO 2 


1.714 


A 


0.17TiO 2 -0.83SiO 2 


1.582 


L 


Si02 


1.471 



FIG. 4 
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FIG. 5 
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